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‘ Core Motivation

The grid is the keystone infrastructure[ central to the web of
interconnected systems that support life as we know it.

During extreme events, prices do not reflect the value of all the services
(food, water, shelter, etc.) that electricity provides

Consequencefocused resilience is an externalityin power markets

The performance of the economy, military, and society as a wholeare all important
consequences of losing power

9 months after Hurricane Maria, thousands of
Puerto Ricans still don’t have power

The grid is in worse shape than it was before Hurricane Maria.

By Umair Irfan | Updated Jun 20, 2018, 8:06am EDT

0 Itobk Cardonall daysto find aworking phoneanda cellularsignato let her mother in Floridaknow that shewasokay: In the weeksfollowing
the storm, shewoke up at 2 amto getin line for dieselfuelto run the generatoratherf a t tha@&meid Saban&randeon the southwestcoastof
the island After waitingfor 13 hours, she went home empty-handed Shestood in linesthat stretchedblocksto get cash,sinceno electricity
meantcredit cardreadersw e r eruniingo




Histogram of Customer Minutes Interrupted, Selected Causes

Customer Minutes Interrupted (bins)
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Equity applies to every performance dimension

Acute Social Burden

Equitable access to
clean energy solutions

Energy Burden

Localized
environmental impacts
to health and safety

Chronic Social Burden

Cost of Service GHG Emissions

Land Use
Z

Customer Bills
v4

Loss of Load Expectation
MWh not served

Z



Do we know what equitable resilience looks like?

markhan1234 7 da

Texas 2021In S-Ome inStanCGS, .dOwntOWI’]S remained 820 Whlle ;d;ejrest of us fr;-:-ze to death the empty office building and parking
\[})Vcl)tvl’\]/(e){,l?d and with gas while nelghborhOOdS went > lot at Legacy West stays brightly shining undisturbed.
Photo

A Employees of downtown businesses slept in their offices

A Critical load (hospitals and shelters) on the same circuit as
non-critical

A uThis (downtown Aust i-cofnectednetavorkc o mp |
that includes critical buildings like the Dell Seton Medical Center,
warming centers, the COVID 19 Alternate Care Site, Capitol Complex ,
and Austin City Hall, as well as other critical infrastructure and TN G g
government buildings,uv the city sa ' '
the downtown network would also cut off electricity to these critical ,
buil dings, which may al so house vi e |

A Not clear what utilities use to define critical load in this : ' |
Situation . A A 4
A E.g. difference between economically critical and socially critical

A If social resilience metrics were used within AMdenabled
load shed scheme, what could be different?

Texas Blackouts Hit Minority Neighborhoods Especially Hard

As the freak winter storm raged, historically marginalized communities were among the first to face power outages, experts say.

https://www.houstonchronicle.com/news/houstoitexas/houston/article/Houstorskylinelights-energyconserveweathertx-15954535.hp
https://spectrumlocalnews.com/tx/satantonio/news/2021/02/16/somesayprivilegefactoringinto-which-communitieshaveworst-power-issues



https://www.houstonchronicle.com/news/houston-texas/houston/article/Houston-skyline-lights-energy-conserve-weather-tx-15954535.php
https://spectrumlocalnews.com/tx/san-antonio/news/2021/02/16/some-say-privilege-factoring-into-which-communities-have-worst-power-issues-

‘ Dimensions of consequence

The grid is the keystone infrastructuref

central to the web of interconnected systems
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that support life as we know it.

Electric
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Self-actualization

desire to become the most that one can be

Esteem
respect, self-esteem, status, recognition, strength, freedom

Love

@ Society
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Real Gross Domestic Product

National Security

friendship, intl

Safety needs

urity, employment, resources, health, property

Physiological needs

air, water, food, shelter, sleep, clothing, reproduction

Mew Orleans vs. Nashville

Economic Growth
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>
We are cl h anging Army culture, mak ing
power and energy an ‘accountable
consideration' in everything we do.

Every Soldier a Power Manager.

NASHYILLE

HEW ORLEANS



: ‘—Society

Capabilities framework, based on Sen and Nussbaum, applied to energy by Day et al.

Fuel / Energy Domestic Domestic energy Secondary Basic capabilities
Source energy or services capabilities

e.g. biomass, power supply E.g. lighting, space e.g. washing clothes, e.g. maintaining
kerosene, solar e.g. electricity, heating/cooling, storing and preparing good health, having
energy, gas (may —*| energy from water heating, | food, accessing social respect,

be outside the burned biomass refrigeration, ICTs, information, using maintaining
domestic or gas mechanical power machinery relationships, being
setting) educated

Fig. 1. Conceptualising the relationship between energy, services and outcomes.

We are utilizing this theory, but advancing/extending in two ways:

- Chronic vs. Acute we are applying the capabilities frameworkto acute,
post disaster scenarios, whereas previous literature focuses on chronic
bl ue skyuvu capabilities

- Rigorous Quantification: we are the first to apply a mathematical
formulation to the theory

NussbaumCapabilities as fundamental entitlements: Sen and social jU&Bie8; SenHuman Rights and Capabilitie®005;

light
9 clean

water

communication

aaems  What do we Stfé’r‘;‘; .
lose when
we lose
transportation pOWer? sewage

disposal

life support medication
devices + storage
medical tech temperature

control

Day, R., Walker, G.Simocck N. Conceptualisingnergy use and energy poverty using a capabilities framework. Energy Policy. 2016.


https://www.tandfonline.com/doi/abs/10.1080/1354570022000077926
https://www.tandfonline.com/doi/abs/10.1080/14649880500120491

5 ‘—Society

Effort

Time + money spent
to achieve basic level
of human needs

Social Burden

S, L0 I —2
Ability Lataa °
Median household
income,

additional predictors

Effort during outage: 80 (out of 159 sited) microgrids

B
a»
an

#

an

A\

Explicit ability
Variable need
Variable criticality
Relatability

Burden during outage: 80 (out of 159 sited) microgrids



